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SUPPLSIvIBKTAHY  IFVESTIGATIOH 


iiut  ject. 

A  study  of  the  effect  of  methods  of  sterilization  of 
the  broth  on  gas  formation  in  the  bacteriological  examination 

^    of  water. 

Introductory. 

The  lack  oi  uniformity  oi  the  results  obtained  in  the 
^    bacteriological  examination  of  water,  and  the  general  chaotic 
condition  with  regard  to  the  proper  significance  of  the  coli- 
group,  has  lead  investigators  to  inquire  whether  the  question 
of  the  media  was  not  a  vital  one.       It  is  suggested  by  h.  E. 
Hasseltine,  Passed  Assistant  Surgeon,  United  States  Public 
Health  Service,^  that  broth  containing  lactose  sugar  may  undergo 
a  decomposition  to  the  simpler  sugars  when  submitted  to  steam 
at  a  pressure  of  15  lbs.  and  that  much  of  the  fermentation, 
therefore,    may  be  caused,  not  by  13.  coli,  but  by  other  organ- 
isms Y/hich  are  able  to  attack  the  raono-saccharids.      It  is 
claimed  that  when  sterilization  of  the  broth  is  accomplished  by 
subjecting  it  to  streaming  steam  for  an  hour  on  three  success- 
ive days,  decomposition  of  the  lactose  will  not  occur,  and  ferm- 
entation will  be  caused  only  by  lactose-splitting  organisms. 
This  investigation  was  conducted  to  determine  whether  gas  form- 
ation was  more  frequent  in  the  case  of  autoclaved  broth  than  in 
that  fractionally  sterilized  in  streaming  steam,  as  would  prob- 
ably be  the  case  if  the  simple  sugars  were  formed  by  the  high 
temperature  and  pressure  of  the  autoclave. 
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]!3xperimental. 

Eighty  samples  of  the  Bridgeport  (Connecticut)  city 
water  were  used  in  this  work,  all  of  which  were  from  untreated, 
unfiltered,  surface  supplies.      Inverted  vial  fermentation  tubes 
were  employed.      Autoclaving  was  accomplished  in  a  ieitz  auto- 
clave held  at  15  lbs.  for  15  minutes.      Fractional  sterilization 
was  made  in  an  Arnold  sterilizer,  the  lactose  broth  tuues  being 
submitted  to  steam  for  1  hour  on  three  successive  days.  '^en 
cc  of  each  sample  of  water  were  placed  in  E  tiibes  of  auuoclaved 
broth,  and  in  2  tubes  of  fractionally  sterilized  broth.  One 
cc  of  each  sample  of  water  was  placed  in  2  tubes  of  autoclaved 
broth,  and  in  2  tubes  of  fractionally  sterilized  broth.  'ihe 
tubes  were  then  incubated  at  37^°  G.      Since    the  standard 
method  in  water  analysis  is  to  make  gas  formation  readings  after 
48  hours,     these  readings  were  the  only  ones  considered  in  this 
investigation,  no  account  being  taken  of  readings  at  24  hours. 
When  gas  was  produced  in  either  of  the  two  tubes  identically 
inoculated,  a  positive  reading  was  taken,  no  distinction  being 
made  when  only  one  tube  showed  gas  and  when  both  tubes  showed 
gas. 

Hesults. 

The  following  table  shows  numerically  the  results  ob- 
tained; 


5 


Table  I 

A  indicates  tubes  of  broth  sterilized  in  the  autoclave. 
F  indicates  tubes  of  broth  fractionally  sterilized  in  the  Arnold. 


A  positive  j 
F  positive  ) 

A  negative  ) 
F  negative  ) 

Total  agreement 


A  positive  ) 
F  negative  ) 

A  negative ) 
F  positive ) 

'i'otal  disagreement 


10  cc  samples 

Ho.  of  jfer  cent 
v/aters    of  total 


64 
8 

72 
4 
4 
8 


QO'/o 

loyo 
570 


1  cc  samples 

J^o.  of  Per  cent 
waters    of  total 


52 


IE 


64 


15/0 


QOfo 


6  7.570 
10  12. 57° 
16  2070 


From  this  it  would  appear  that  there  is  very  little 
difference  in  gas  formation  by  untreated  surface  waters  in  broth 
sterilized  in  the  autoclave  and  broth  fractionally  sterilized. 
Tubes  containing  10  cc  portions  of  water  show  agreement  (pos- 
itive and  negative)  in  the  case  01  72  waters,  or  907^  of  the 
total,  and  disagreement  in  the  case  of  8  waters  or  IO70  of  the 
total.      'xubes  containing  1  cc  portions  of  water  show  agreement 
(positive  and  negative)  in  the  case  of  64  v/aters  or  8O/0  of 
cases  and  disagreement  in  the  case  of  16  waters  or  EOyo  of  cases. 
The  disagreement  between  the  gas  formation  in  the  autoclaved 
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Toroth  and  the  fractionally  sterilized  broth  is  no  greater  than 
what  might  be  due  to  chance  and  might  happen  in  tubes  of  ident- 
ically prepared  broth.      'J^nis  investigation,  then,  fails  to  show 


difference  in  sterilization.      However,  it  is  possible  that  an 
investigation  on  a  larger  scale  with  waters  from  a  variety  of 
sources  might  reveal  some  difference. 

1.  Hasseltine,  ii.  ji. ,  The  Bacteriological  Examination  of  Water, 
Public  Health  Reports,  l"iovember  9,  1917. 


any  gross  difference  in  gas  formation  in  lactose  broth  due  to 
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[THE  SIGUTFICAITCE  OF 
ORGA^TTSMS  IN 

HISTORICAL 


LAC  TOSE-FERlvIElJTIKG 
WATER. 

AND  I]NTTRODUCTORY 


The  significance  of  lactose-ferment ing  organisms  in 
water  analysis  was  recognised  "by  Theobald  Smith  as  early  as  1895. 
It  is  doubtful  if  these  are  all  of  intestinal  origin;  but  the 
property  of  fermenting  lactose  is  important  as  a  starting  point 
in  determining  the  presence  of  bacteria  that  are  really  indica- 
tive of  pollution.  These  bacteria  may  be  divided  into  two  groups:' 

1.  the  aerobes  and  non  spore-forming  organisms. 

2.  the  anaerobes  and  spore-forming  organisms. 

The  aerobic  group  is  the  more  important  since  it  includes  the 
intestinal  bacteria,  chief  among  them  B.  coli.    A  large  number  of 
investigators  have  made  classifications  of  this  group  in  attempts 
to  separate  those  of  fecal  origin  from  those  of  non-fecaL  origin. 

Smith,  in  1895^,  classed  as  "B.  coli  communis"  the  organ- 
ism which  produced  50  per  cent  gas  in  dextrose  and  lactose,  with 
a  gas  ratio,  H-.COe,  of  2:1,  and  a  very  high  acidity.     In  the  sub- 
division of  this  group,  variety  A  was  the  name  given  to  an  organ- 
ism which  produced  a  slow  reaction  in  saccharose;  and  variety 
B  to  one  which  did  not  ferment  this  sugar. 

Mac  Conkey,  in  1905^^  divided  the  group  arbitrarily  in- 
to four  subgroups  on  the  basis  of  saccharose  and  dulcite  fermen- 
tation : 
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1.  B.  acidi  lactici  (Huppe) 


(  saccharose  - 
( 

(  dulcite  - 


2.  B.  coli  communis  (Escherich) 


(  saccharose  - 
( 

(  duloite  + 


2.  B,  neapolitanus  (Eramerich) 


(  saccharose 
( 

(  dulcite  + 


(  saccharose  + 

4.  B.  cloacae,  B.  ]actis  aerogenes.  etc,  ( 

(  dulcite  - 

He  supplemented  this  classification  by  gas  fo mat ion  in  other 
sugars,  indol  formation,  and  the  VOges-Proskauer  reaction. 

D.  D.  Jackson,  in  1911^,  also  classified  the  B.  coli 
group  on  the  basis  of  fermentation  of  saccharose  and  dulcite,  but 
differing  from  that  of  Mac  Conkey^  in  that  in  his  main  division 
he  considers  the  aerganisms  that  are  dulcite  positive  and 
saccharose  positive  to  be  B.  communior  instead  of  B.  neapolitanus, 
and  the  saccharose  positive  and  dulcite  negative  organisms  to 
Include  only  B.  aerogenes.    He  used  the  reaction  of  other  carbo- 
hydrates and  indol  production  as  confirmatory  tests. 

B.  Coli  Group  (Jackson) 

t 

Dextrose 
Lactose  + 


Dulcite 


Dulcite  - 


Saccharose     +    Saccharose  -      Saccharose  +    Sac  char  cb  e  - 

B.   communior      B.  communis        B.  aerogenes    B.  lact;is  acidi 
(Durham)  (Escherich)        (Escherich)  (HiSppe) 


These  main  groups  were  divided  into  many  varieties,  all  of  which 

he  considered  to  he  of  fecal  origin. 
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Rogers ,  Clark  and  Davis  ,  Rogers ,  Clark  and  Evans  , 

P  11  9+10 

Rogers,  Clark  and  Luhs°,  Clark  and  Lubs     ,  and  Levine  have 

recently  made  extensive  attempts  to  separate  the  fecal  from  the 
non-fecal  members  of  this  group.    They  have  studied  the  reactions 
of  a  large  number  of  the  carbohydrates,  the  ratio  of  CO2 :H2  in 
the  gas  produced,  the  Voges-Proskauer  reaction,  gelatin  liquefac- 
tion, indol  production,  final  H-ion  concentration,  and  acidity 
or  alkalinity  produced  in  a  K2HPO*  dextrose-broth,  using  maethyl 
red  as  an  indicator.    It  was  found  that  cultures  of  coli-type 
organisms  from  bovine  feces  belonged  to  the  low  gas-ratio  group 

(below  1.4:1)  ;  cultures  obtained  from  grains  belonged  to  the 

7 

high  gas-ratio  group  (above  1.4:1)  .    Organisms  isolated  fron 
human  feces,  like  those  from  bovine  feces,  belong  to  the  low 
gas-ratio  group  .    The  methyl  red  test  and  Voges-Proskauer  react- 
ion were  found  to  be  well  correlated:  the  Toges-Proskauer  reaction 
positive  and  methyl  red  alkaline  organisms  were  rarely  isolated 
from  feces,  while  the  Voges-Proskauer  negative  and  methyl  red 

acid  organisms  were  found  chiefly  in  feces  or  were  obtained  from 

9 

polluted  sources  • 

B,  R.  Johnson,  in  1916-^^,  found  that  of  26  3  coli-like 
bacteria  of  soil  origin,  261  gave  positive  Voges-Proskauer  re- 
action, and  of  these  97  per  cent  were  methyl  red  alkaline. 

Levine, in  the  same  year,  after  working  with  333 
lactose-fermenting  organisms  from  soil,  sewage,  and  animal 
sources,  using  most  of  the  tests  mentioned  above,  suggested  the 
following  classification: 
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Aerobic  Lactose -Fermenting  Organisms. 

A.  Voges-Proskauer  reaction  -;  methyl  red  acid;  indol  +;  poly- 
saccharids,  (  starch,  dextrin,  and  inulin  )  - 

Coli  group 

I.  Sucrose  + 

a.  Motile;  dulcitol,  glycerol,  and 
salicin  usually  + 

1,  B.  communior 

h.  Non-raotile: 

1,  Salicin  +;  dulcitol  and  glyc- 
erol usually  ^ 

2,  B.  neapolitanus 

£•  Salicin  and  dulcitol  -;  glyc- 
erol usually  - 

S.  B»  cosooroba 


IT,  Sucrose  - 

a.  Salicin  +;  dulcitol  and  glycerol 
usually  + 

4.  B.  coli 

1.  Motile  var.  communis 

2.  Kon-motile  var.  immobilis 

b,  Salicin  -;  dulcitol  usually  - 

1.  Motile;  glycerol  usually  ♦ 

5»  B.  Gruenthal 

2.  Uon-raotile;  glycerol  usually  - 

6.  B.  acidi-laotici 

B,  Voges-Proskauer  reaction  +;  methyl  red,  alkaline;  indol  usual- 
ly -;  polysaccharids ,  {starch  inulin,  and  dextrin)  -or+ 

Aerogenes-cloacae  group 

I,  Kon-motile;  gelatin  rarely  liquified; 
indol,  dulcitol,  and  inulin-  or  •••; 
sucrose,  raffinose,  mannitol,  glycerol, 
salicin,  dextrin,  and  starch  + 

1.  B.  aerogenes 
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II.  Motile;  gelatin  liquefied;  indol, 
dulcitol,  glycerol,  inulin  and 
starch  usually       dextrin  occasion- 
ally +  ;  sucrose,  raffinose,  salicin, 
and  mannitol  + 

2 •  B.  cloacae 


The  most  recent  classification  is  that  given  in  the  third 
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edition  of  Standard  Methods  of  Water  Analysis  which  divides  the 
group  into  four  sub-groups  according  to  their  reactions: 


B,  coli  of  fecal  origin 


B.  aerogenes  of  fecal  origin 


B.  aerogenes  probably  not  of 
fecal  origin 


B.  cloacae,  may  or  may  not  be 
of  fecal  origin 


Methyl  red  * 
Voges-Proskauer  - 
Gelatin  - 
Adonite  - 
Indol  usually  + 
Saccharose  usually 

Methyl  red  - 
Voges-Proskauer  + 
Gelatin  - 
Adonite  + 
Indol  usually  - 
Saccharose  + 

Methyl  red  - 
Voges-Proskauer  ^ 
Gelatin  - 
Adonite  - 
Indol  usually  - 
Saccharose  + 

Methyl  red  - 
Voges-Proskauer  + 
Gelatin  + 
Adonite  + 
Indol  usually  + 
Saccharose  + 


Sellards     ,  and  Prescott  end  WinslOw      express  the  idea 
coiuraonly  held,  that,  since  tests  for  the  presence  of  B.  coli  in 
waters  are  made  in  mixed  culture,  it  is  possible  that  in  tubes 
in  which  the  reaction  could  not  be  confirmed,  the  typical  B.  coli 
was  present,  and  might  have  given  its  characteristic  confirmatory 
reaction  within  the  first  24  hours.    Then,  in  the  subsequent 
overgroB^th,  it  may  have  been  killed  by  antagonistic  bacteria,  or 
its  proportion  with  respect  to  the  other  bacteria  so  diminshed 
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that  its  recovery  would  be  difficult  or  impossible. 

In  attempts  to  demonstrate  this  theory,  the  relation  of 
the  gas  formation  and  confirmatory  tests  made  after  24  hours,  and 
also  after  48  hours,  was  studied,  using  tubes  from  ElO  waters 
from  various  sources,  as  deep  and  shallow  wells,  treated  and  un- 
treated surface  supplies,  cisterns,  etc.     The  discovery  of  many 
cases  of  gas  formation  in  lactose,  which  would  not  give  confirma- 
tory tests  for  B,  coli  lead  to  an  investigation  to  isolate  and 
identify  the  organism  that  produced  the  gas,  and  to  shew  whether 
it  was  significant  in  overgrowing  B.  coli. 

Cultures  of  aerobic  lactose-fermenting  organisms  #iich  were 
obtained  during  the  experiments  mentioned  above  were  submitted 
to  all  the  tests  of  the  Standard  Methods  classification  to  deter- 
mine the  nature  of  the  organisms  found  in  these  waters,  and  to  see 
how  closely  their  characteristics  agreed  v/ith  the  classification. 
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EZPEHIIMTAL 


I.    In  order  to  De  certain  of  the  presence  of  B.  c oli.  confirm- 
atory  tests  were  made  after  24  hours  and  48  hours  on  all  lactose- 
hroth  tubes  in  which  gas  formed.    The  results  were  studied  with 
relation  to  the  sources  of  the  waters.    An  aerobic  organism  that 
produced  gas  in  lactose  broth,  but  which  did  not  grow  on  Endo's 
medium, was  isolated,  and  an  attempt  was  made  to  determine  the 
significance  of  this  organism  and  other  organisms  of  the  normal 
water  flora,  in  overgrowing  B.  coli. 

To  determine  the  realtion  between  the  total  number  of 
waters  that  would  produce  gas  in  lactose  broth  ^d  the  numbers 
that  fomed  gas  in  24  hours  and  In  48  hours,  i;L60  waters  were 
tested.    Tubes  of  lactose  broth  were  inpculated  in  each  case 
with  10  cc  of  water  (1  tube),  Icc  (2  tubes),  and  0.1  cc  (2  tubes) 
After  24  hours,  gas  was  formed  by  40  per  cent  of  the  waters,  and 
after  48  hours  by  19  per  cent  additional  ,  or  a  total  of  59  per 
cent  of  the  1,160  welters  examined.   (See  Table  1) 
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Table  1.  -  Gas  Ponnation  in  1,160  V/aters. 

Fo.  of  waters      Per  cent  of  total 

Total  1,160  100% 

Total  pos5  tive  683  59% 

Total  negative  477  41% 

Positive  in  24  hours  465  40% 
10  cc  tube  positive 

only  after  48  hours  218  19% 

10  cc  tube  positive  in 
24  hours,  1  cc  and  0.1 

cc  in  48  hours  183  16% 

24-hour  and  48-hour 

readings  the  same  282  24% 

In  24  per  cent  of  the  waters,  the  24  and  48  hour  read- 
ings were  the  same  in  all  tubes,  but  in  16  per  cent    of  the 
10  cc  tubes  gas  formed  in  24  hours,  while  the  Icc  and  0.1  cc 
tubes  required  48  hours.     The  tardiness  of  the  gas  formation  in 
the  tubes  containing  the  small  amounts  of  water  may  have  been 
due  to  the  presence  of  a  different  strain  of  organism,  or  to  the 
presence  of  only  a  small  number  of  the  organisms.    In  50  cases 
in  which  this  was  observed,  direct  inoculation  was  made  by  trans- 
ferring a  loopful  of  the  broth  into  another  broth  tube.  Eighty- 
six  per  cent  of  these  formed  gas  in  24  hours,  and  only  6  per  cent 
of  the  remainder  formed  gas  in  48  hours.     (See  Table  2)  These 
results  indicate  that  in  the  majority  of  the  cases  in  which  gas 
formed  in  the  10  cc  tube  in  24  hours  and  in  the  Icc  and  0.1  cc 
tubes  in  48  hours,  the  tardiness  of  the  1  cc  and  0.1  cc  tubes 
was  due  to  the  presence  of  only  a  small  number  or  organisms. 
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Table  2. 


Gas  Formation  in  Lactose  Broth  Tubes  Inoculated 
From  1  cc  add  0.1  cc  Tubes  in  which  Gas  Formed 
in  48  Hours. 


Total 


Gas  formed  in 
24  hours 


Gas  formed  in  Gas  not  form- 
48  hours         ed  in  48  hour  3 


No .  of  waters 


50 


3 


4 


Per  cent  of 
total 


100^ 


66fo 


8fo 


Confirmatory  tests  for  B.  coli  were  made  according  to  the 
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methods  of  the  U.  S.  Treasury  Department      and  the  Standard  Meth- 

1  7 

ods  of  Water  Analysis     ,  by  streaking  Endo's  plates  with  broth 
dipped  from  the  tubes  by  a  platinum  needle,  incubating  the  plates 
at  37  1/2 °C  for  48  hours,  and  inoculating  two  broth  tubes,  each 
from  a  well  isolated,  typical  colony.    Gas  production  in  these 
tubes  within  48  hours  wasi  considered  to  indicate  the  presence 
of  B.  coli.    Ninety  and  nine-tenths  per  cent  of  210  waters  con- 
firmed by  these  tests,  contained  B.  coli,     (See  Table  3)  One 
hundred  per  cent  of  those  by  which  gas  was  formed  in  24  hours  con- 
tained B.  coli,  while  only  77.6  per  cent  of  those  by  which  gas 
was  formed  in  48  hours  contained  B.  coli.    Gas  formation  in  24 
hours  apparently  indicates  that  B,  coli  is  present,  but  gas 
foimation  only  in  48   hours  may  or  may  not  be  due  to  the  presence 
of  B,  coli. 
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Table  3,  -    Gas  Formation  and  Confirmatory  Tests  for  b.  Goli 

in  24  Hours  and  48  Hours  on  210  "Waters  that  Formed 
Gas. 

IJo.  of  waters  Per  cent    lio.  con-    Per  oent  of 

giving  presumptive    of  total    firmed  presumptive 
test  for  B.  00 li  confirmed 


Total 

210 

100^0 

191 

90,9% 

In  24  hours 

125 

125 

In  48  hours 

85 

40.5^3 

66 

77.6% 

From  3  waters,  or  1.4^o  of  all  cases,  3.  coli  was  recovered 
from  the  gas  tuhes  at  the  end  of  24  hours,  but  was  not  recovered  at 
the  end  of  48  hours,  showing  that  the  percentage  of  possible 
overgrowth  of  B.  coli  was  small. 

From  20  of  these  waters  5  tubes  instead  of  one  were  in- 
oculated with  10  cc  of  the  water.    Confirmatory  tests  were  made 
on  every  oiie  of  these  tubes  that  showed  gas  formation,  making  58 
additional,  or  a  total  of  268  10  cc  tubes  upon  which  confirmatory 
tests  were  made.     The  20  waters  were  chosen  for  additional  tests 
because  of  their  use  on  interstate  carriers;  12  were  from  deep 
drilled  v/ells,  7  from  treated  surface  supplies,  and  one  from  a 
shallow  well.    Eighty-five  and  five-tenths  per  cent  of  the  total 
number  of  tubes  in  which  gas  was  formed  contained  B.  coli.  (See 
Table  4)    One  hundred  per  cent  of  those  by  which  gas  was  formed  in 
24  hours  containing  B.  coli,  while  only  69.6  per  cent  of  the  tubes 
in  which  gas  was  formed  in  48  hours,  contained  B.  coli.     The  gas 
forming  organisms  in  the  waters  tested  according  to  the  interstate 
carrier  definition  of  B.  coli  were  in  many  cases  probably  some  other 
organism  than  B.  coli. 
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Table  4. 


Gas  Forimtion  Confirmatory  Tests  for  B.  Coli  in 
24  Hours  and  48  Hours  on  268  Tubes  in  which  Gas 
Formed. 


Ho.  of  10  cc  tubes 
giving  presumptive 
test  for  B.  coli 


Per  cent 
of  total 


No,  con- 
firmed 


Per  cent  of 
presumptive 
eonf  imed 


Total 


In  24  hours 


In  48  hours 


140 


128 


268 


52.2% 
4:7. efo 


lOOfo 


140 


229 


89 


85.5^ 

100^' 
69.6^ 


The  cases  of  overgrowth  are  3.  as  before,  or  1.1^  on  the 


basis  of  a  total  of  268  tubes. 

To  determine  Ti^ether  the  presence  of  B.  coli  was  dependert 
upon  the  sources  of  the  waters,  the  presumptive  and  confirmed 
tests  were  considered  with  relation  to  the  sources  of  the  waters. 
(See  Table  5)    Of  those  that  gave  the  presumptive  test  for  B.  coli, 
97  per  cent  of  those  from  shallow  wells,  97  per  cent  of  those 
from  untreated  surface  supplies^  and  only  75  per  cent  of  those  from 
treated  surface  supplies^  were  confirmed.    Gas  formed  in  24  hours 
in  69.5  per  cent  and  87  per  cent  respectively  of  the  waters  from 
shallow  wells  and  untreated  surface  supplies,  but  in  only  20  per 
cent  of  the  treated  surface  supplies. 
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An  anaerobic,  spore-forming  organism  was  isolated  from 

the  tubes  giving  positive  gas  fcrmation  in  lactose,  bat  which 

failed  to  confirm  as  B.  coli.     It  agreed  very  well  in  appearance 

1  1 3 

and  characteristics  with  the  organism  mentioned  by  Frost  ,  Cummings  , 

19 

Stewart  and  West      and  others,  and  probably  belongs  to  the  B. 
Welchii  group. 

To  determine  whether  this  organism,  when  present  with  B. 
coli  in  a  water,  would  give  an  antibiotic  reaction  toward  the  B, 
coli,  or  would  overgrow  it,  and  so  prevent  the  confirmation,  sus- 
pensions of  varying  numbers  of  the  two  organisms  were  placed  to- 
gether in  broth  tubes,  and  after  incubation,  confirmatory  tests 
werd  made.     Two  suspensions  of  the  anaerobe  containing  2,00p  and 
50,000  bacteria  per  cc  respectively,  and  seven  suspensions  of 
B.  coli,  ranging  from  5  to  1,000,000  per  cc,  were  innoculated  in 
1  cc  quantities  into  the  broth  tubes,  in  14  combinations:  (1) 
3,000  anaerobes  and  3  B.  coli;   (2)  30,000  anaerobes  and  3  B.  coli; 
(3)  3,000  and  7  B.  coli;   (4)  30,000  anaerobes  and  7  B.  coli,  etc. 
In  every  case  B.  coli  was  recovered  by  the  confirmatory  tests.  It 
appears  from  this  that  there  is  no  overgrcwrth  of  the  B.  coli  by  the 
anaerobe  even  when  the  ratio  of  the  numbers  of  the  B.  coli  to  the 
numbers  of  the  anaerobe  is  very  small. 

Twelve  samples  of  water  that  did  not  form  gas  in  lactose 
broth,  but  which  cohtained  bacteria  of  the  normal  water  flora  in 
numbers  from  1  to  2,200,  were  inoculated  with  B.  coli  at  the  rate 
of  30  per  cc,  and  were  then  tested  in  1  cc  amounts  for  the 
presence  of  B.  coli,  to  determine  whether  under  conditions  that 
approximated  natural  conditions,  the  B,  coli  would  be  overgrown. 
B.  coli  v/as  recovered  in  every  case,  shovdng  that  overgrowth  did 
not  take  place. 
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II.  In  order  to  study  water  bacteria   a  classification 
was  made  according  to  the  scheme  in  the  third  edition  of  Standard 
Methods  of-ater  Analysis.    The  relation  of  the  production  of  indol 
and  the  formation  of  gas  in  adonite  and  saccharose  hroth.  to  the 
four  types  of  organisms,  as  suggested  by  the  classification,  was 
studied.    The  relation  of  the  organisms  of  the  four  types  to  the 
sources  of  the  waters  from  which  they  were  isolated  was  als) 
studied. 

From  isolated  colonies  on  Endo's  plates  thatwere  ^own 
by  the  above  confirmatory  test  to  belong  to  the  B.  coli  group. 
287  agar  stroke  cultures  of  lactose -fermenting  organisms  were  made. 
Some  were  taken  from  plates  that  had  been  inoculated  from  both 
the  24  hour  old,  and  the  48  hour  old  broth  tubes.    These  were  then 
submitted  to  all  the  tests  of  the  Standard  Methods  Classification. 
Carbohydrate  fermentation  was  observed  after  48  hours,  indol  pro- 
duction after  72  hours,  methyl  red  and  Voges-Proskauer  tests  after 
7  days,  and  gelatin  liquefaction  after  16  days.     (See  Tablfi  5) 
Sixty-five  per  cent  of  the  total  number  of  organisms  were  B.  coli, 
14  per  cent  were  B.  cloacae,  10  per  cent  B.  aerogenes  of  non-fecal 
origin,  and  8  per  cent  B.  aerogenes  of  fecal  origin. 

Between  73  and  87  per  cent  of  the  organisms  would  be 
cnnsidered  of  feOal  origin  (B.  coli.  B.  aerogenes  of  fecal  origin 
and  B.  cloacae), and  between  10  aid  24  per  cent  of  non-fecal  origin 
(B,  aerogenes  with  non-fecal  origin,  and  B.  cloacae )  depaading  upon 
the  origin  of  the  uncertain  B.  cloacae.    To  make  sure  that  the 
disagreement  between  the  methyl  rea  test  and  the  Voges-Proskauer 
reaction  was  not  due  to  impure  cultures,  the  cultures  were  puri- 
fied by  plating  them  on  Endo's  medium  and  selecting  well  isolated 


colonies.    These  tests  did  not  check  in  the  case  of  3  per  cent  of 
the  organisms,  and  therefore  the  organisms  could  not  be  classified. 


Table  6.  -  Classification  of  287  Organisms  Isolated 

from  Waters,  According  to  the  Third  Edition 
of  Standard  Methods  of  Water  Analysis. 

Methyl  Voges-  Ado-  Gel-    Organism       Origin         No.  of    Per  cent 


red 

Pros- 
kauer 

nite  atin 

organ- 
isms 

of  tot 

+ 

-  B. 

coli  Fecal 

187 

♦          -  B. 

aerogenes  i'ecal 

25 

8fo 

+ 

-  B. 

aerogenes  Non-fecal 

28 

lOfo 

+  B. 

cloacae      Fecal  or 
Non-fecal 

40 

14% 

Unclassified 

6 

2,5fo 

+ 

Unclassified 

1 

.5% 

Tt  should  be  mentioned  here  that  in  many  cases  two  organ- 
isms were  isolated  from  the  same  water,  one  from  the  24-hour  old 
tube  and  one  from  the  48-hour  old  tube,  and  that  in  41  cases  these 
two  organisms  were  of  different  types^ according  to  the  classifica- 
t  ion. 

Tests  for  the  production  of  indol  and  the  fermentation 
of  saccharose  and  adonite,  as  given  in  the  classification,  vv^ere 
made,  to  show  the  relation  to  the  other  tests.     Of  the  organisms 
identified  as  B.  coli,  81  per  cent  were  adonite  negative,  and 
63  per  cent  w^ere  indol  positive,     showing    that  these  tests 
might  be  used  to  some  extent  as  supplementary  tests  in  determining 
the  presence  of  B.  coli,     (See  Table  7)    Fifty-six  per  cent  were 
saccharose  positive  and  44  loer  cent  saccharose  negative  which 
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shows    that  the 

fermentation  of  saccharose  would  be  of  little 

valu  e» 

Tatle  7 

.  -  The  Fermentation  of  Adonite  and  Saccharose 
and  the  Production  of  indol  by  B.  Coli. 

Adonite  Indol 

Saccharose       XJO.  oi  cuiuurea       rex  oeni' 

of  total 

38  20^ 

- 

4-                         55  29fo 
33  18^0 
A-                            25  14:fo 

9  1D% 

+  + 

4.                        17  9fo 

+                           8  4^ 

+ 

2  1% 

56fo  + 

O  X  /O                           1  /it  <" 

44^i  - 

Forty-four  per  cent  of  the  cultures  of  B.  aerogenes  of 

fecal  origin  were  indol  positive  and  56  per  cent  were  indol 

negative, so  that  the  indol  test  would  be  of  little  value  in  deter- 

mining the  presence  of  this  organism.     (See  Table  8)  However, 

96  per  cent  of 

the  cultures  of  B.  aerogenes  of  fecal  origin 

formed  gas  from 

saccharose,  which  would  indicate  a  good  test  for 

B,  aerogenes  of 

fecal  origin.    Adonite  fermentation  is  the 

essential  test 

given  by  the  classification  for  differentiating 

between  the  fecal  and  non-fecal  strains  of  B.  a.erogenes,  the 

fecal  type  producing  gas  in  adonite  and  the  non-fecal  type 

producing  no  gas. 
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Table 

8.  -  Saccharose'  Fermentation  and  Indol  Production 

by  Jj.  Aerogenes  ox  jecax  ux^j-gj-xi. 

Tndol 

Saccharose         Wo.  of  cultures      Per  cent 

of  total 

- 

+                           IS  52^ 

+ 

+                            11  44/o 

- 

1  4f. 

96%  + 

56fo  - 

4fo  - 

Indol  production  and  saccharose  fermentation  are 

rather  satisfactory  supplementary  tests  for  B.  aerogenes  of  non- 

fecal  origin,  giving  86  per  cent  negative,  and  78  per  cent  positive. 

respectively. 

(See  Table  9) 

Table 

9.  -  Saccharose  Fermentation  and  Indol  Production 

by  B.  Aerogenes  of  Hon-fecal  Ofigin. 

Indol 

Saccharose         Ho.  of  cultures    Per  cent 

of  total 

♦                              18  64^ 

+ 

4                                4  14^ 

6  22^ 

14fo  + 

78^  + 

sefo  - 

22^  - 

and 

The  fermentation  of  saccharose^adonite  and  the 

production  of 

indol  are  nearly  equally  good  supplementary  tests 

for  B,  cloacae 

:  67.5  per  cent  was  saccharose  positive,  67.5  per 

cent  adonite  negative,  and  70  per  cent  indol  negative.  (See 

Table  10) 
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Table  10.  -  The  Fermentation  of  Adonite  and  Saccharose 
and  the  Production  of  Indol  hy  B.  Cloacae. 


Adonite 

Indol 

Saccharose 

No .  of 

Per  cent 

cultures 

of  total 

♦ 

4" 

7 

17.5^ 

+ 

4 

10^ 

_ 

♦ 

11 

27.5^ 

- 

- 

- 

9 

22.5^ 

— 

+ 

5 

12.5^ 

mm 

2 

5fo 

+ 

I 

2,5% 

1 

2.5% 

32.5^  + 

30^  + 

67.5fo  + 

67. 5^^  - 

70%  - 

32.5^0  - 

Dividing  all  cultures  obtained,  except  the  uncertain 
3,  cloacae,  according  to  their  fecal  or  non-fecal  origin,  61  per  cent 
were  indol  positive  and  61  per  cent  were  saccharose  positive;  86  per 
cent  of  the  non-fecal  types  were  indol  negative,  but  only  22  per 
cent  were  saccharose  negative.     (See  Table  11)    The  fermentation  of 
saccharose,  therefore,  does  not  differentiate.^   betv/een  the  fecal 
and  non-fecal  types,  since  in  both  cases  a  high  percentage  of 
saccharose  positive  organisms  v/as  obtained. 


• 
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Table  11,  -  The  Fermentation  of  Adonite  and  Saccharose, 
and  the  Production  of  Indol  hy  the  Pecal  and 
ITon-fecal  Types  of  Organisms. 


Fecal  organisms 

Uon-fecal  organisms 

Total  number 

212 

28 

Adonite 

29% 

0% 

Adonite  - 

100^ 

Indol  + 

eifo 

14^ 

Indol  - 

Z9fo 

86^ 

Saccharose  + 

eifo 

7Bfo 

Saccharose  - 

159  fo 

2Zi 

A  study  of  these  few  organisms  shows  no  relation  between 
the  nature  of  the  organisms  and  the  sources  from  which  they  were 
isolated.     (See  Table  12)  It  is  probable,  hour  ever,  that  if  a 
larger  number  of  organisms  from  these  or  similar  sources  were 
studied,  some  relation  would  be  observed. 
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Wells  less 
than  50'  deep 

72 

9 

Wells  between 
50'  and  200' 

30 

Z 

TVells  more 
than  200 'deep 

8 

2 

Cisterns 

5 

- 

Untreated 
surface  waters 

26 

6 

Treated 

surface  waters 

11 

2 

Swimming  pools 

8 

1 

Total 

170 
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Table  12.  -  The  Relation  of  the  Nature  of  the  Organisms 

to  the  Sources  from  which  they  were  Isolated, 


B.  coli    B.  aercgenes    B.  aerogenes    B,  cloacae  Total 
fecal  non-fecal 


IE 
5 
3 


27 


16 
4 


10 

5 
2 
39 


109 

42 

13 
7 

58 

18 
11 
258 
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1.  One  thousand  one  hundred  sixty  waters  from  various 
sDurces  were  tested  for  gas  fomation  in  lactose-broth;  40  per  cent 
formed  gas  in  24  hours,  and  19  per  cent  additional,  in  48  hours.  The 
majority  of  those  which  contained  gas-forming  bacteria  ^owed  gas 

in  24  hours. 

2.  Undoubtedly  the  presence  of  only  a  small  number  of 
organisms  was  responsible  for  the  slow  formation  of  gas  (in  48  hours) 
from  1  cc  and  0.1  cc  portions  of  water  from  which  10  cc  foiroed  gas 

in  24  hours. 

3.  Ninety  and  nine  tenths  per  cent  of  210  waters  chosen 
arbitrarily,  that  formed  gas  in  lactose-broth  contained  B.  coli  by 
confirmatory  tests. 

4.  One  hundred  per  cent  of  125  waters  that  formed  gas  in 
lactose-broth  in  24  hours, by  confirmatory  tests,  contained  B.  coli. 

5.  Only  77.6  per  cent  of  86  waters  that  formed  gas  in 
lactose-broth  in  48  hours,  by  confirmatory  tests,  contained  B.  coli, 

6.  Eighty  five  and  five-tenths  per  cent  of  268  tubes 
containing  10  cc  portions  of  water,  in  which  gas  formed,  by  con- 
firmatory tests,  contained  B.  coli. 

7.  One  hundred  per  cent  of  140  10-cc  portions  in  which 
gas  formed  in  24  hours,  by  confirmatory  tests  contained  B.  coli. 

8.  Sixty-nine  and  six  tenths  per  cent  of  128  10-cc  portior 
in  which  gas  formed  in  48  hours,  by  confirmatory  tests  contained  B. 
coli. 

9.  There  was  only  1  per  cent  of  possible  overgrowth  of 
B.  coli,  in  which  B.  coli  was  found  present  in  24  hours  but  not  in 
48  hours. 
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10.  Gas  was  formed  in  24  hours  by  69,5  per  cent  of  the 
waters  from  shallow  wells,  by  87  per  cent  of  those  from  untreated 
supplies,  but  only  by  20  per  cent  of  those  from  treated  surface 
supplies,  indicating  the  elimination  of  a  great  number  of  the  B. 
coll  by  filtration  and  chemical  treatment. 

11.  By  confirmatory  tests,  B.  coli  was  obtained  in  97 
per  cent  of  the  waters  from  shallow  wells,  97  per  cent  of  those 
from  untreated  surface  supplies,  and  75  per  cent  of  those  from 
treated  surface  supplies,  again  indicating  the  elimination  of  B. 
coli  by  filtration  and  treatment. 

IE.    An  anaerobic  spore-forming  organism,  probably  belong- 
ing to  the  B.  ?/elchii  group,  which  produces  gas  from  lactose,  was 
isolated  from  the  waters. 

13.  This  organism  and  other  organisms  of  the  normal 
water  flora  were  not  found  to  be  slgnif leant  in  overgrowing  B.  coll. 

14.  Two  hundred  eighty-seven  lactose-fermenting  organ- 
isms were  isolated  and  classified  according  to  the  scheme  of  the 
third  edition  of  Standard  Methods  of  7/ater  Analysis;  65  per  cent 
were  B.  coli,  14  per  cent  B.  cloacae,  10  per  cent  B.  aerogenes  of 
non-fecal  origin,  8  per  cent  B,  aerogenes  of  fecal  origin,  and  5 
per  cent  could  not  be  classified. 

15.  Kone  of  the  supplemaitary  tests  (indol  production, 
saccharose  and  adonite  fermentations)  shOT/ed  consistent  relation  to 
the  four  types  of  the  classification,  nor  to  the  fecal  and  non-fecal 
strains  of  organisms. 

16.  Ho  relation  was  observed  between  the  types  of 
organisms  and  the  sources  of  the  waters  from  which  they  were  isolated 
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